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Abstract 

Introduction:  Enterococcus faecalis (E. faecalis) is the most commonly isolated bacterium from infected root canals. 
It is found in the form of a biofilm, which makes it more resistant to antimicrobials, and requires optimal chemome-
chanical strategies to maximize root canal disinfection.

Aim:  To evaluate the efficacy of 4 different endodontic file systems against E. faecalis biofilm growth in root canals 
using colony-forming units per milliliter (CFU/mL) and scanning electron microscope (SEM).

Methods:  Eighty-five extracted human mandibular premolars with straight root canals and apical diameters not 
larger than the #15 K-file were randomly selected. After performing a pilot study (n = 15) to determine the ideal 
incubation period for E. faecalis biofilm development, sixty-five root canals were infected with E. faecalis, incubated for 
3 weeks, and then mechanically prepared using one of four single files (XP-endo Shaper, Hyflex EDM, One Curve, and 
Fanta. AFTM F One) (n = 15). Five infected root canals were excluded for the positive control. Five non-contaminated 
root canals were included for the negative control. Samples were collected using sterile paper points pre- and post-
instrumentation to determine the bacterial load (CFU/mL). Root canals from each group were topographically evalu-
ated at the coronal, middle, and apical segments using scanning electron microscope (SEM). Bacterial reduction data 
were estimated and statistically analyzed by Kruskal–Wallis and Mann–Whitney U tests (post hoc test) (P ≤ .05).

Results:  XP-endo Shaper, Hyflex DEM, and One Curve significantly could eradicate E. faecalis biofilms in infected root 
canals with no significant difference among them compared to Fanta. AF™ F One.

Conclusion:  None of the systems were capable of completely eliminating biofilms. XP-endo Shaper, Hyflex EDM, and 
One Curve mechanically eliminated E. faecalis biofilms compared to Fanta. AF™ F One from infected root canals.
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Introduction
Endodontic therapy aims to completely eradicate micro-
organisms and their toxins produced in the root canal 
space [1]. However, E. faecalis is frequently isolated from 
persistent periapical lesions [2, 3] that often presents as 
biofilms [4]. Enterococcus faecalis inside dentinal tubules 
can survive away from intracanal medicaments such as 

calcium hydroxide for longer than 10 days if high pH can-
not be maintained [5, 6].

Mechanical enlargement of the root canal allows irri-
gants to reach the entire root canal system, providing 
further debridement through flushing and antibacterial 
properties [7]. However, complete disinfection is not fea-
sible because of the difficulty of the root canal system, 
which includes the dentinal tubules, isthmus, fins, and 
accessory canals which act as shelters to protect bacte-
ria and their biofilms [8, 9]. Therefore, new chemome-
chanical strategies have been developed and studied 
to maximize root canal disinfection before obturation, 
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particularly through experiments using an E. faecalis bio-
film model.

Further, several techniques and materials have been 
invented, including root canal preparation using a single-
file system that offers both time and cost savings com-
pared to full sequential rotary systems [10]. Single-files 
have been demonstrated to be as effective as [11, 12] or 
even better than multiple file systems [13].

Recently, a snake-shaped file called XP-endo Shaper 
(XPS) (FKG Dentaire, La Chaux-de-Fonds, Switzerland) 
was made from a unique Max wire NiTi alloy. It has an 
initial taper of 0.01 in its martensite phase, when warmed 
at the body temperature inside the root canal it expands 
to a taper of at least 0.04 in its austenite phase becoming 
more serpentine. XPS has a booster tip with six cutting 
edges that respect the canal while cutting at each pass 
[14]. XPS has remarkable flexibility, fatigue resistance, 
super elasticity, and expansion or contraction according 
to the canal morphology [15].

Hyflex EDM file (HEDM) (Coltene/Whaledent AG, 
Altstatten, Switzerland) was made from CM wire using 
an electrical discharge machine (EDM), which hardens 
the surface of the file, increased fracture resistance and 
cutting efficiency. HEDM has 0.25  mm apical diameter, 
with regressive taper [16].

One Curve file [OC] [Micro-MEGA, Besancon, Cedex, 
France] was produced from C-Wire, which has controlled 
memory, making the file hyperflexible with increased 
cyclic fatigue resistance. It has a variable cross-section 
operated with continuous rotation that improve cutting 
efficiency and provide centered preparation preventing 
the sucking effect [17].

Fanta. AF™ F One (FO) (Shanghai Fanta Dental Mate-
rial Co., China) is a recently introduced single-file system 
produced using the AF-R wire technique. As claimed by 
the manufacturer, it has an inactive tip and a unique flat-
sided surface design, providing room for irrigant solu-
tions during mechanical preparation, less stress on the 
file, and more flexibility without compromising strength 
[18].

This study evaluated the in vitro efficacy of the follow-
ing single-file systems: XPS, HEDM, OC, and FO against 
E. faecalis biofilms from infected root canals. The null 
hypotheses suggested no differences between single-
file systems used to eradicate E. faecalis biofilms from 
infected root canals.

Methods
Sample collection
This in  vitro double-blind study was conducted on 
eighty-five unidentified extracted straight single-canaled 
mandibular premolars with apical diameters not larger 
than the #15 K file, extracted for orthodontic reasons and 

periodontal diseases. The teeth were extracted at the oral 
surgery and maxillofacial department in the Faculty of 
Dentistry, Suez Canal University. Prior to the start of the 
extraction, each patient signed a written informed con-
sent form.

Teeth with curvatures, cracks, root caries, resorp-
tive defects, calcifications, or teeth with endodontic 
treatment were excluded. The teeth were selected after 
obtaining periapical radiographs from both mesiodistal 
and buccolingual views. After cleaning the calculus and 
soft debris, the teeth were soaked for 1 h in 0.2% sodium 
azide for disinfection and stored in saline until use.

Under magnification of the dental loupes (Univet, Rez-
zato (BS), Italy), the tooth length was standardized to 
17  mm from the apex by using a diamond disc (Mani, 
Tochigi, Japan). Modified access cavities were created for 
all roots. Apical patency was checked by passing K-file 
#15 (Mani, Japan). The working length was adjusted at 
16 mm. K-files #10 and #15 were used to create the glide 
paths. A dose of 25  kGy gamma radiation was used to 
sterilize the teeth for 6  h [19]. All apical foramina were 
closed with epoxy resin and the roots were covered with 
two layers of nail varnish [20]. Five teeth were randomly 
selected and placed in Eppendorf tubes containing ster-
ile nutrient brain heart infusion (BHI) broth as a negative 
control.

Bacterial preparation
The inoculum was prepared by adding 24 h isolated colo-
nies of a pure culture of E. faecalis strain (ATCC29212) to 
15 mL of brain heart infusion (BHI) broth (Biolife Italiana 
S. r. I.; Viale Monza, Milan, Italy), and incubated at 37 °C 
for 24 h under aerobic conditions. The optical density of 
the bacterial suspension was adjusted until its turbidity 
recorded 0.5, on McFarland scale, matching to 1.5 × 108 
colony forming units per milliliter (CFU/mL).

Pilot study
A pilot study was arranged to determine the optimal 
incubation period for E. faecalis biofilm formation. 
Under a laminar flow hood, the root canals of 15 ran-
domly selected teeth were completely filled with 10  µL 
of 24 h E. faecalis suspension and incubated at 37  °C in 
100% relative humidity for 5 weeks. Bacterial suspensions 
(10 µL) were added daily to maintain the culture viabil-
ity [21]. E. faecalis biofilm formation was also assessed at 
five different time intervals (1, 2, 3, 4, and 5 weeks), three 
teeth at each one. The teeth were fixed by immersion 
in modified Karnovsky solution [22] and left overnight. 
They were split longitudinally and processed for scan-
ning electron microscope [SEM] examination at 3000X 
magnification.
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Experimental study
Sample size was calculated using (G* Power) computer-
ized software guided by the results of a previous study 
[23], yielding a minimum of 40 samples (10 samples/
group). The sample size was increased to (15 per group) 
for teeth that may have been lost during the experiment, 
(effect size = 0.766, Pooled SD = 1.48, Alpha (α) = 0.05and 
4. Power (β) = 0.99).

The pilot study proved that 3 weeks was the ideal incu-
bation period for E. faecalis biofilm development. Under 
aseptic conditions, sixty-five teeth were inoculated with 
a previously prepared bacterial suspension for 24  h, as 
mentioned previously, and incubated for 3 weeks with 
daily addition of 24  h bacterial suspension. Eight teeth 
had cracks that were discarded, and the remaining teeth 
were coded and equally divided into 4 experimental 
groups. After incubation, the root canals were filled with 
1 mL sterile saline and placed in sterile Eppendorf tubes. 
Before instrumentation, bacterial samples (S1) were 
collected using three sterilized #20 paper points. Each 
paper point was placed inside the root canal for 1  min, 
transferred to the corresponding Eppendorf tube, then 
vortexed for 30  min [24]. Suspensions were prepared 
through serial dilutions of (10 −2, 10−4, and 10−5) and 
0.1  mL aliquots of several dilutions were streaked onto 
M-Enterococcus agar plates that were incubated at 37 °C 
with 5% Co2 for 48  h. Colonies were counted by calcu-
lating the number of colony-forming units per milliliter 
(CFU/mL).

Samples preparation
Five roots containing bacteria were used as positive 
controls to assess the bacterial viability throughout the 
experiment. The remaining fifty-two roots were ran-
domly divided into four groups (n = 13) corresponding to 
the file used for instrumentation. Root canal instrumen-
tation was accomplished according to the manufacturer’s 
instructions using rotary motion generated by a torque-
controlled electric motor (seongseo ro, Daegu, Korea) 
with a 16:1 gear reduction contra-angle handpiece. Dur-
ing instrumentation, the samples were immersed in a 
warm water bath at 37 ± 1 °C [25, 26].

In group A, XPS (#30/0.04) was performed at 800 rpm 
and 1 Ncm. It was applied with gentle and slow up-and-
down strokes reaching the working length. In group B, 
HEDM (#25/ ~) was adjusted at 500  rpm and 2.5  Ncm 
in up and down movement. In group C, OC (#25/0.06) 
was operated at 300  rpm and torque 2.5  Ncm in peck-
ing motion till reaching the working length. In group FO 
(#25/0.06) was operated at 500 rpm and torque 2.6 Ncm 
in up and down movement. Each file was discarded after 
shaping four canals.

After each of the four up-and-down movements, 
all root canals were irrigated with 3  mL 2.5% sodium 
hypochlorite for 1  min by a 30-gauge irrigation needle. 
Finally, 5  mL of 17% ethylenediaminetetraacetic acid 
(EDTA) were used as a final rinse for 3 min. Next, 2 mL 
distilled water was used.

After instrumentation, the second bacterial samples 
(S2) were collected from the root canals using three 
sterilized #20 paper points, as described previously [27]. 
Aliquots (0.1  mL aliquots) were cultured on M-Ente-
rococcus agar plates and incubated at 37  °C for 48  h. 
Colonies were counted and transferred to actual counts 
according to previously recorded dilution factors. Roots 
from each group were fixed, split longitudinally using a 
chisel and mallet, and dehydrated by immersion in etha-
nol (50, 80, 90, 96, and 100%). Each root canal lumen was 
topographically evaluated in the coronal, middle, and api-
cal segments using SEM [Jeol JSM-6510L.V, Jeol, Tokyo, 
Japan] at 3000X, 6000X, and 12000X magnifications.

The data were statistically analyzed using the Kruskal–
Wallis test, followed by the Mann–Whitney U test, to 
compare the efficiency of the used files to reduce the bac-
terial count (P < .05). The data was analyzed using SPSS 
(statistical package for social science, version 25).

Results
The pilot study
In this study, it was proven that the ideal incubation time 
for E. faecalis biofilm development and maturation is 
3 weeks, as shown in Fig. 1.

The experimental study
No bacterial growth was detected in the negative control 
group. Therefore, the scanned samples of the negative 
controls showed that the root canal dentin surface was 
covered by debris without bacteria or biofilms. The posi-
tive control group exhibited bacterial growth throughout 
the experiment. A comparison of the mean CFU count 
(× 105  CFU/mL) between the groups before and after 
instrumentation using the four tested files were shown in 
Fig. 2

Before instrumentation, the initial bacterial count anal-
ysis showed no significant differences among the four 
groups (P = .623). All files were significantly effective in 
reducing the mean bacterial count (P < .05). There was 
a significant difference in the number of bacterial CFU 
between files after instrumentation (P = .007). The low-
est bacterial count (CFU) was observed with XPS, fol-
lowed by HEDM and OC, with no significant difference 
between them. The highest bacterial count was observed 
with FO. SEM photomicrographs supported the CFU/
mL, Fig. 3, where instrumentation disrupted the biofilm, 
Fig. 4, 5, 6, and 7.
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Fig. 1  SEM views showing stages of E. faecalis biofilm formation and maturation onto root canal dentin at 3000X. A–C after 1 week. D–F after 
2 weeks. G–I after 3 weeks, showing mature biofilm (white arrows) with actively dividing bacteria (red arrows). J–L after 4 weeks. M–O after 5 weeks
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Discussion
Endodontic treatment mainly depends on eradica-
tion of bacteria and their produced toxins, followed 
by creating a 3-dimensional hermetic seal [1, 12]. This 
goal is challenging to obtain because of the complexity 
of root canal systems, where bacteria remain in ana-
tomic irregularities of the root canal system, invading 
dentinal tubules of up to 500 µm and forming biofilms 
[28, 29]. Enterococcus faecalis was chosen because of 
its ability to form resistant biofilms in persistent apical 
pathosis [30, 31]. Our study has limitations that must 
be acknowledged. The mono-cultured biofilm model 
system was chosen to be simple in order to facilitate 
ease of preparation and maximize biofilm surface area 
for the exposure experiment [32].

Extracted human teeth were used rather than non-bio-
logical substrates, because human dentine is preferred as 
a substrate for E. faecalis biofilm growth to simulate the 
clinical performance. The protein portion of the dentin 

matrix initiated events in biofilm formation and irrevers-
ible bacterial adhesion to it [33].

Mandibular premolars with similar anatomy were 
selected to minimize morphological variations, and api-
cal diameters not larger than the #15 K-file to standard-
ize the microbial load, as single-file systems have limited 
shaping ability in wider canals [34].

Gamma radiation was used for sterilization because it 
does not include high temperature and pressure; there-
fore, the physical properties of dentin are not changed, 
and consequently do not negatively affect the adherence 
of E. faecalis [35].

Covering teeth apical foramina with epoxy resin was 
used to mimic a closed apical system in vivo preventing 
extrusion of debris and irrigant from the canal as apical 
vapor lock situation [36].

A pilot study proved the maturation age of biofilm after 
3 weeks. Incubation times differed considerably, rang-
ing from one to seventy days [21]. The effect of different 

Fig. 2  Comparison of mean bacterial count (× 105 CFU/ml) between groups after instrumentation using the four tested file systems
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disinfecting agents on biofilms was investigated, and 
it was discovered that after 3 weeks of growth, old bio-
films increased in thickness, cell count and antimicrobial 
resistance with no significant difference for extra time. 
The majority of studies investigated the distribution of 
incubation time reveals that 21 days as the optimal incu-
bation time [37, 38].

The teeth and irrigants were immersed in a warm water 
bath at 37 ± 1 °C to simulate body temperature in clinical 

conditions. At body temperature, the mechanical proper-
ties of Ni–Ti alloys can be affected mainly as XPS [25, 39, 
40].

The previous in vitro studies have recommended using 
sodium hypochlorite as an irrigant to simulate clinical 
scenarios, so it was used in this study for all the experi-
mental groups [23, 41].

In the present study, no significant difference was 
recorded in the mean bacterial count and consequently 
in the E. faecalis biofilm removal efficiencies of XPS, 
HEDM, and OC. This was in agreement with the results 
of Kaya et  al. [23], who reported that instrumentation 
with HEDM and XPS resulted in significantly greater 
bacterial reduction. In addition, Pèrez et  al. [42] and 
Amaral et al. [43] reported that XPS successfully reduced 
bacterial load in oval canals.

This may be attributed to the instruments included in 
this study being made from alloys with different manu-
facturing processes, geometries, and kinematics, where 
XPS from Max wire technology change the file from the 
martensite phase at body temperature to the austenite 
phase. This permits it to expand to size [#30/0.04] from 
original size giving the instrument a semi-circular shape 
that allows the file to perform eccentric rotary motion 
against the canal walls [44]. HEDM is manufactured 
using the electric discharge machining of a CM-wire, 
which makes the file extremely flexible and has high frac-
ture resistance. This combination decreases the number 
of files needed for complete cleaning and shaping of the 
root canal without compromising preservation of the 
root canal configuration, which is consistent with the 
work of Devi et al. [45], who found that instrumentation 
with HEDM offered better cleaning efficacy than ProTa-
per Next and stainless-steel K-files, especially in the mid-
dle and apical segments. The OC is composed of a C-wire 
with a variable cross-section, which improves its perfor-
mance [46].

HEDM and OC more effective than FO in terms of 
efficacy, It may be related to instrument design, metal-
lurgical properties (alloy processing) and kinematics 
[47]. Hyflex EDM is manufactured from CM-Wire using 
innovative manufacturing process called electrical dis-
charge machining (EDM). This process could harden the 
surface of file resulting in increased fracture resistance 
and superior cutting efficiency combined with flexibil-
ity of CM-Wire, so one file is required to clean the canal 
with preserving the anatomy with reduced transporta-
tion, ledging and perforation due to controlled memory 
properties [16]. One curve is manufactured by a unique 
manufacturing technique creating a controlled memory 
heat-treated NiTi called C-Wire which can be pre-bent 
for easier root canal preparation and removal of difficul-
ties with increased blade flexibility and more fracture 

S1 S2

(A) (B)

(E) (F)

(G) (H)

(C) (D)

Fig. 3  Photographs showing comparison between changes in the 
bacterial count before (S1) and after instrumentation (S2). A, B for 
XP-endo Shaper. C, D for Hyflex EDM. E, F for One Curve. G, H for 
Fanta. AFTM F One
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Fig. 4  SEM photomicrographs at the three segments (coronal, middle, and apical) after preparation using XP-endo Shaper at different 
magnifications showing remaining bacteria and biofilm (red arrows)
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Fig. 5  SEM photomicrographs at the three segments (coronal, middle, and apical) after preparation using Hyflex EDM at different magnifications 
showing remaining bacteria and biofilm (red arrows)
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Fig. 6  SEM photomicrographs at the three segments (coronal, middle, and apical) after preparation using One Curve at different magnifications 
showing remaining bacteria and biofilm (red arrows)
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Fig. 7  SEM photomicrographs at the three segments (coronal, middle, and apical) after preparation using Fanta. AFTM F One at different 
magnifications showing remaining bacteria and biofilm (red arrows)
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resistance for higher safety. It has a variable blade cross-
section from triple-helical in apical 4 mm to S shape to 
enhance the centering and cutting ability in the apical 
third and removal of debris reaching middle and coro-
nal parts [48]. The flat design of Fanta AF™ F One in one 
half of the cross section may result in the accumulation 
of more debris between the instrument and canal walls 
occupying the spaces created by the flat design instru-
ment. This may lead to inconsistent cutting of the sur-
rounding walls. Trapped debris also may reduce the 
instrument’s cutting surface that caused a less amount 
of dentin removal/second making it a time consuming 
instrument [49].

The current study reported that XPS is effective for bac-
terial reduction, which is in agreement with the results 
of Alves et al. [41], and Siddique et al. [50]. In addition, 
the results of our study coincide with those of Azim et al. 
[25], who found that XPS can touch more canal walls, 
leading to better disinfection. This result might be related 
to the classification of XPS as an adaptive core instru-
ment with a small mass and expanding properties that 
allows targeting of the 3-dimensional of the canal while 
providing sufficient space for debris to escape [14].

Rodrigues et al. [51] reported that more bacteria could 
be eliminated with a larger apical preparation, because 
by enlarging the canal apically, more root canals could be 
touched by removing anatomical irregularities, adherent 
biofilms, and infected dentin. Therefore, XPS exhibited 
superior performance compared with the other files. On 
the other hand Matos Neto et al. [52] and Machado et al. 
[53] reported no significant differences between instru-
ments of different sizes and tapers.

However, the results were inconsistent with those of 
Versiani et al. [54], who found that XPS had more unpre-
pared root canal walls than i-race. This discrepancy can 
be explained by the different anatomy of the root canals 
of the teeth used in that study, where mandibular incisors 
were selected with long oval shaped canals. Also, this 
may be because of the comparison of the shaping abilities 
of a single-file system with those of multiple-file rotary 
systems, resulting in a longer irrigant contact time.

It has been expected to have greater bacterial remnants 
(CFU) in the cervical third than middle third followed by 
the apical third due to greater number of dentinal tubules 
in the corresponding portions of root canal system but in 
our study from SEM results, it was observed that there 
was less effective biofilm removal and maximum debris in 
the apical thirds of root canals which coincide with many 
studies [55].This might be attributed to complex root 
canal apical morphology and not enough apical prepa-
ration as several studies have demonstrated more effica-
cious irrigation in canals prepared to a greater taper [56, 
57]. As irrigants did not adequately penetrate the apical 

third which has a narrower diameter than the middle and 
coronal thirds, however, the preparation size in all used 
systems permitted unimpeded 30-gauge needle penetra-
tion to 2 mm shorter than the working length [58].

To the best of our knowledge, no study has compared 
the efficacy of Fanta. AF™ F One and One Curve single-
file systems for the reduction of bacterial load from root 
canals.

Conclusion
Within the limitation of this study, the null hypothesis 
was partially accepted where single-files can satisfacto-
rily clean and shape the root canals. XPS, HEDM, and 
OC were more effective than FO in eliminating E. faeca-
lis biofilms from the infected root canals. However, none 
of these systems can eliminate biofilms completely. Fur-
ther biofilm studies, is necessary to perform a compre-
hensive biofilm growth kinetics assay in order to identify 
and understand the biofilm maturation stage in different 
models.

Acknowledgements
This study was supported by Suez Canal University and Department of Endo-
dontic. The authors declare no potential conflicts of interest with respect to 
the authorship and/or publication of this article.

Author contributions
HYH contributed to acquisition, analysis, or interpretation of data, performed 
all statistical analyses and drafted the manuscript. SAH was writing original 
draft preparation, visualization and investigation writing, SS was reviewing and 
editing. All authors gave their final approval and agree to be accountable for 
all aspects of the work. All authors read and approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB). This study was supported by the transformative agreement between 
Springer Nature and Sentience Innovation Funding Authority (STDF) in coop-
eration with Egyptian Knowledge Bank (EKB).

Availability of data and materials
The datasets generated and analyzed during the current study are not publicly 
available due to (ownership of data) but are available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
This research was approved by the ethical committee of the Faculty of Den-
tistry, Suez Canal University, Egypt (204/2019). All methods were carried out in 
accordance with relevant guidelines and regulations. Prior to the start of the 
extraction, each patient signed a written informed consent form.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.



Page 12 of 13Hamed et al. BMC Oral Health          (2022) 22:660 

Author details
1 Endodontic Department, Faculty of Dentistry, Suez Canal University, Ismailia, 
Egypt. 2 Microbiology and Immunology Department, Faculty of Pharmacy, 
Suez Canal University, Ismailia, Egypt. 

Received: 12 July 2022   Accepted: 22 December 2022

References
	1.	 Siqueira JF. Endodontic infections: concepts, paradigms, and perspec-

tives. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2002;94(3):281–
93. https://​doi.​org/​10.​1067/​moe.​2002.​126163.

	2.	 Endo MS, Signoretti FG, Kitayama VS, Marinho AC, Martinho FC, Gomes 
BP. Culture and molecular analysis of E. faecalis and antimicrobial suscep-
tibility of clinical isolates from patients with failure endodontic treatment. 
Braz Dent Sci. 2014;17(3):83–91. https://​doi.​org/​10.​14295/​bds.​2014.​v17i3.​
1016.

	3.	 Rocas IN, Hulsmann M, Siqueira JF. Microorganisms in root canal-treated 
teeth from a German population. J Endod. 2008;34(8):926–31. https://​doi.​
org/​10.​1016/j.​2008.​05.​008.

	4.	 Hancock HH, Sigurdsson A, Trope M, Moiseiwitsch J. Bacteria isolated after 
unsuccessful endodontic treatment in a North American population. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod. 2001;91(5):579–86. https://​
doi.​org/​10.​1067/​moe.​2001.​113587.

	5.	 Sedgley C, Buck G, Appelbe O. Prevalence of Enterococcus faecalis at 
multiple oral sites in endodontic patients using culture and PCR. J Endod. 
2006;32:104–9. https://​doi.​org/​10.​1016/j.​joen.​2005.​10.​022.

	6.	 Sedgley CM, Molander A, Flannagan SE, Nagel AC, Appelbe OK, Clewell 
DB, et al. Virulence, phenotype and genotype characteristics of endodon-
tic Enterococcus spp. Oral Microbiol Immunol. 2005;20(1):10–9. https://​
doi.​org/​10.​1111/j.​1399-​302X.​2004.​00180.x.

	7.	 Siqueira JF, Lima KC, Magalhaes FA, Lopes HP, de Uzeda M. Mechanical 
reduction of the bacterial population in the root canal by three instru-
mentation techniques. J Endod. 1999;25(5):332–5. https://​doi.​org/​10.​
1016/​s0099-​2399(06)​81166-0.

	8.	 Versiani MA, Pecora JD, de Sousa-Neto MD. Root and root canal morphol-
ogy of four-rooted maxillary second molars: a micro-computed tomog-
raphy study. J Endod. 2012;38(7):977–82. https://​doi.​org/​10.​1016/j.​joen.​
2012.​03.​026.

	9.	 Bjarnsholt T. The role of bacterial biofilms in chronic infections. APMIS 
Suppl. 2013;121(136):1–51. https://​doi.​org/​10.​1111/​apm.​12099.

	10.	 Burklein S, Fluch S, Schafer E. Shaping ability of reciprocating single-
file systems in severely curved canals: WaveOne and reciproc versus 
WaveOne Gold and Reciproc blue. Odontology. 2019;107(1):96–2. https://​
doi.​org/​10.​1007/​s10266-​018-​0364-3.

	11.	 Dagna A, Arciola CR, Visai L, Selan L, Colombo M, Bianchi S, et al. 
Antibacterial efficacy of conventional and single-use Ni–Ti endodontic 
instruments: an in vitro microbiological evaluation. Int J Artif Organs. 
2012;35(10):826–31. https://​doi.​org/​10.​5301/​ijao.​50001​60.

	12.	 Neves MA, Provenzano JC, Rocas IN, Siqueira JF. Clinical antibacterial 
effectiveness of root canal preparation with reciprocating single-
instrument or continuously rotating multi-instrument systems. J Endod. 
2016;42(1):25–9. https://​doi.​org/​10.​1016/j.​joen.​2015.​09.​019.

	13.	 Burklein S, Benten S, Schafe E. Shaping ability of different single-file 
systems in severely curved root canals of extracted teeth. Int Endod J. 
2013;46(6):590–7. https://​doi.​org/​10.​1111/​iej.​12037.

	14.	 Silva EJ, Vieira VT, Belladonna FG, De-Deus G, Zuolo AS, Antunes HD, et al. 
Cyclic and torsional fatigue resistance of XP-endo Shaper and TRUShape 
instruments. J Endod. 2018;44(1):168–72. https://​doi.​org/​10.​1016/j.​joen.​
2017.​08.​033.

	15.	 Bedier MM, Hashem AA, Hassan YM. Improved dentin disinfection by 
combining different-geometry rotary nickel–titanium files in preparing 
root canals. Restor Dent Endod. 2018;43(4):1–10. https://​doi.​org/​10.​5395/​
rde.​2018.​43.​e46.

	16.	 Pirani C, Lacono F, Generali L, Sassatelli P, Nucci C, Lusvarghi L, et al. Hyflex 
EDM: superficial features, metallurgical analysis and fatigue resistance of 
innovative electro discharge machined NiTi rotary instruments. Int Endod 
J. 2016;49(5):483–93. https://​doi.​org/​10.​1111/​iej.​12470.

	17.	 Elnaghy AM, Elsaka SE. Cyclic fatigue resistance of one curve, 2Shape, 
ProFile vortex, vortex blue, and RaCe nickel–titanium rotary instruments 
in single and double curvature canals. J Endod. 2018;44(11):1725–30. 
https://​doi.​org/​10.​1016/j.​joen.​2018.​07.​023.

	18.	 Abd Elhamid HM. Cyclic fatigue resistance of newly introduced 
surface and thermal treated nickel–titanium rotary files. Egypt Dent J. 
2020;66(1):683–94. https://​doi.​org/​10.​21608/​edj.​2020.​79140.

	19.	 Brauer DS, Saeki K, Hilton JF, Marshall G, Marshall SJ. Effect of steriliza-
tion by gamma radiation on nano-mechanical properties of teeth. Dent 
Mater. 2008;24(8):1137–40. https://​doi.​org/​10.​1016/j.​dental.​2008.​02.​016.

	20.	 Abdel Latif AM, Hassan HY, Azab M, Kataia MA. Efficacy of different 
irrigating systems with a new irrigating solution in reducing intracanal 
Enterococcus Faecalis. Egypt Dent J. 2016;62(1):673–82. https://​doi.​org/​10.​
21608/​edj.​2016.​95084.

	21.	 Swimberghe RC, Coenye T, De Moor RJ, Meire MA. Biofilm model systems 
for root canal disinfection: a literature review. Int Endod J. 2019;52(5):604–
28. https://​doi.​org/​10.​1111/​iej.​13050.

	22.	 Shah FA, Johansson BR, Thomsen P, Palmquist A. Ultrastructural evalua-
tion of shrinkage artifact induced by fixatives and embedding resins on 
osteocyte processes and pericellular space dimensions. J Biomed Mater 
Res A. 2015;103(4):1565–76. https://​doi.​org/​10.​1002/​jbm.a.​35287.

	23.	 Ureyen Kaya B, Erik CE, Sesli Cetin E, Kole M, Maden M. Mechanical reduc-
tion in intracanal Enterococcus faecalis when using three different single-
file systems: an ex vivo comparative study. Int Endod J. 2019;52(1):77–85. 
https://​doi.​org/​10.​1111/​iej.​12984.

	24.	 Bortoluzzi EA, Carlon D, Meghil MM, El-Awady AR, Niu L, Bergeron BE, 
et al. Efficacy of 3D conforming nickel titanium rotary instruments in 
eliminating canal wall bacteria from oval-shaped root canals. J Dent. 
2015;43(5):597–604. https://​doi.​org/​10.​1016/j.​jdent.​2015.​01.​001.

	25.	 Azim AA, Piasecki L, da Silva Neto UX, Cruz AT, Azim KA. XP Shaper, A 
novel adaptive core rotary instrument: micro-computed tomographic 
analysis of its shaping abilities. J Endod. 2017;43(9):1532–8. https://​doi.​
org/​10.​1016/j.​joen.​2017.​04.​022.

	26.	 Lacerda MF, Marceliano-Alves MF, Perez AR, Provenzano JC, Neves MA, 
Pires FR, et al. Cleaning and shaping oval canals with 3 instrumentation 
systems: a correlative micro-computed tomographic and histologic 
study. J Endod. 2017;43(11):1878–84. https://​doi.​org/​10.​1016/j.​joen.​2017.​
06.​032.

	27.	 Nakamura VC, Candeiro G, Cai S, Gavini G. Ex vivo evaluation of three 
instrumentation techniques on biofilm within oval shaped root canals. 
Braz Oral Res. 2015;29:1–7. https://​doi.​org/​10.​1590/​1807-​3107b​or-​2015.​
vol29.​0027.

	28.	 Haapasalo M, Orstavik D. In vitro infection and disinfection of dentinal 
tubules. J Dent Res. 1987;66(8):1375–9. https://​doi.​org/​10.​1177/​00220​
34587​06600​81801.

	29.	 Hausner M, Wuertz S. High rates of conjugation in bacterial biofilms 
as determined by quantitative in situ analysis. Appl Environ Microbial. 
1999;65(8):3710–3. https://​doi.​org/​10.​1128/​2Faem.​65.8.​3710-​3713.​1999.

	30.	 Distel JW, Hatton JF, Gillespie MJ. Biofilm formation in medicated root 
canals. J Endod. 2002;28(10):689–93. https://​doi.​org/​10.​1097/​00004​770-​
20021​0000-​00003.

	31.	 Pinheiro ET, Gomes BP, Ferraz CC, Sousa EL, Teixeira FB, Souza-Filho FJ. 
Microorganisms from canals of root filled teeth with periapical lesions. 
Int Endod J. 2003;36(1):1–11. https://​doi.​org/​10.​1046/j.​1365-​2591.​2003.​
00603.x.

	32.	 Williamson AE, Cardon JW, Drake DR. Antimicrobial susceptibility of 
monoculture biofilms of a clinical isolate of Enterococcus faecalis. J Endod. 
2009;35(1):95–7. https://​doi.​org/​10.​1016/j.​joen.​2008.​09.​004.

	33.	 Love RM, McMillan MD, Jenkinson HF. Invasion of dentinal tubules by oral 
streptococci is associated with collagen recognition mediated by the 
antigen I/II family of polypeptides. Infect Immun. 1997;65(12):5157–64. 
https://​doi.​org/​10.​1128/​2Fiai.​65.​12.​5157-​5164.​1997.

	34.	 Nakamura VC, Cai S, Candeiro GT, Ferrari PH, Caldeira CL, Gavini G. Ex vivo 
evaluation of the effects of several root canal preparation techniques 
and irrigation regimens on a mixed microbial infection. Int Endod J. 
2013;46(3):217–24. https://​doi.​org/​10.​1111/j.​1365-​2591.​2012.​02110.x.

	35.	 Chivatxaranukul P, Dashper SG, Messer HH. Dentinal tubule invasion and 
adherence by Enterococcus faecalis. Int Endod J. 2008;41(10):873–82. 
https://​doi.​org/​10.​1111/j.​1365-​2591.​2008.​01445.x.

	36.	 Panariello BHD, Kindler JK, Spolnik KJ, Ehrlich Y, Eckert GJ, Duarte S. Use 
of electromagnetic stimulation on an Enterococcus faecalis biofilm on 

https://doi.org/10.1067/moe.2002.126163
https://doi.org/10.14295/bds.2014.v17i3.1016
https://doi.org/10.14295/bds.2014.v17i3.1016
https://doi.org/10.1016/j.2008.05.008
https://doi.org/10.1016/j.2008.05.008
https://doi.org/10.1067/moe.2001.113587
https://doi.org/10.1067/moe.2001.113587
https://doi.org/10.1016/j.joen.2005.10.022
https://doi.org/10.1111/j.1399-302X.2004.00180.x
https://doi.org/10.1111/j.1399-302X.2004.00180.x
https://doi.org/10.1016/s0099-2399(06)81166-0
https://doi.org/10.1016/s0099-2399(06)81166-0
https://doi.org/10.1016/j.joen.2012.03.026
https://doi.org/10.1016/j.joen.2012.03.026
https://doi.org/10.1111/apm.12099
https://doi.org/10.1007/s10266-018-0364-3
https://doi.org/10.1007/s10266-018-0364-3
https://doi.org/10.5301/ijao.5000160
https://doi.org/10.1016/j.joen.2015.09.019
https://doi.org/10.1111/iej.12037
https://doi.org/10.1016/j.joen.2017.08.033
https://doi.org/10.1016/j.joen.2017.08.033
https://doi.org/10.5395/rde.2018.43.e46
https://doi.org/10.5395/rde.2018.43.e46
https://doi.org/10.1111/iej.12470
https://doi.org/10.1016/j.joen.2018.07.023
https://doi.org/10.21608/edj.2020.79140
https://doi.org/10.1016/j.dental.2008.02.016
https://doi.org/10.21608/edj.2016.95084
https://doi.org/10.21608/edj.2016.95084
https://doi.org/10.1111/iej.13050
https://doi.org/10.1002/jbm.a.35287
https://doi.org/10.1111/iej.12984
https://doi.org/10.1016/j.jdent.2015.01.001
https://doi.org/10.1016/j.joen.2017.04.022
https://doi.org/10.1016/j.joen.2017.04.022
https://doi.org/10.1016/j.joen.2017.06.032
https://doi.org/10.1016/j.joen.2017.06.032
https://doi.org/10.1590/1807-3107bor-2015.vol29.0027
https://doi.org/10.1590/1807-3107bor-2015.vol29.0027
https://doi.org/10.1177/00220345870660081801
https://doi.org/10.1177/00220345870660081801
https://doi.org/10.1128/2Faem.65.8.3710-3713.1999
https://doi.org/10.1097/00004770-200210000-00003
https://doi.org/10.1097/00004770-200210000-00003
https://doi.org/10.1046/j.1365-2591.2003.00603.x
https://doi.org/10.1046/j.1365-2591.2003.00603.x
https://doi.org/10.1016/j.joen.2008.09.004
https://doi.org/10.1128/2Fiai.65.12.5157-5164.1997
https://doi.org/10.1111/j.1365-2591.2012.02110.x
https://doi.org/10.1111/j.1365-2591.2008.01445.x


Page 13 of 13Hamed et al. BMC Oral Health          (2022) 22:660 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

root canal treated teeth in vitro. Sci Rep. 2021;11:8306. https://​doi.​org/​10.​
1038/​s41598-​021-​87922-4.

	37.	 Stojicic S, Shen Y, Haapasalo M. Effect of the source of biofilm bac-
teria, level of biofilm maturation, and type of disinfecting agent on 
the susceptibility of biofilm bacteria to antibacterial agents. J Endod. 
2013;39(4):473–7. https://​doi.​org/​10.​1016/j.​joen.​2012.​11.​024.

	38.	 Tay FR, Gu LS, Schoeffel GJ, Wimmer C, Susin L, Zhang K, et al. Effect of 
vapor lock on root canal debridement by using a side-vented needle for 
positive-pressure irrigant delivery. J Endod. 2010;36(4):745–50. https://​
doi.​org/​10.​1016/j.​joen.​2009.​11.​022.

	39.	 Dosanjh A, Paurazas S, Askar M. The effect of temperature on cyclic 
fatigue of nickel–titanium rotary endodontic instruments. J Endod. 
2017;43(5):823–6. https://​doi.​org/​10.​1016/j.​joen.​2016.​12.​026.

	40.	 Azim AA, Wang HH, Tarrosh M, Azim KA, Piasecki L. Comparison between 
single-file rotary systems: part 1-efficiency, effectiveness, and adverse 
effects in endodontic retreatment. J Endod. 2018;44(11):1720–4. https://​
doi.​org/​10.​1016/j.​joen.​2018.​07.​022.

	41.	 Alves FR, Paiva PL, Marceliano-Alves MF, Cabreira LJ, Lima KC, Siqueira JF, 
et al. Bacteria and hard tissue debris extrusion and intracanal bacterial 
reduction promoted by XP-endo Shaper and Reciproc instruments. J 
Endod. 2018;44(7):1173–8. https://​doi.​org/​10.​1016/j.​joen.​2018.​04.​007.

	42.	 Perez AR, Ricucci D, Vieira GC, Provenzano JC, Alves FR, Marceliano-Alves 
MF, et al. Cleaning, shaping, and disinfecting abilities of 2 instrument 
systems as evaluated by a correlative micro-computed tomographic and 
histobacteriologic approach. J Endod. 2020;46(6):846–57. https://​doi.​org/​
10.​1016/j.​joen.​2020.​03.​017.

	43.	 Amaral RR, Guimaraes Oliveira AG, Braga T, Reher P, de Macedo FL, Magal-
haes PP, et al. Quantitative assessment of the efficacy of two different 
single-file systems in reducing the bacterial load in oval-shaped canals: a 
clinical study. J Endod. 2020;46(9):1228–34. https://​doi.​org/​10.​1016/j.​joen.​
2020.​06.​007.

	44.	 Gavini G, Santos MD, Caldeira CL, Machado ME, Freire LG, Iglecias EF, et al. 
Nickel-titanium instruments in endodontics: a concise review of the state 
of the art. Braz Oral Res. 2018;32(1):44–65. https://​doi.​org/​10.​1590/​1807-​
3107b​or-​2018.​vol32.​0067.

	45.	 Devi TP, Priyadarshini S, Dharmani UK, Sanjeeta N, Deepak BS. Compara-
tive evaluation of cleaning efficacy of the root canal by K-file and ProTa-
per Next, Hyflex EDM rotary system an in vitro study. J Evol Med Dent Sci. 
2016;5(100):7365–9. https://​doi.​org/​10.​14260/​jemds/​2016/​1667.

	46.	 Staffoli S, Grande NM, Plotino G, Ozyurek T, Gundogar M, Fortunato 
L, et al. Influence of environmental temperature, heat-treatment and 
design on the cyclic fatigue resistance of three generations of a single-
file nickel–titanium rotary instrument. Odontology. 2019;107(3):301–7. 
https://​doi.​org/​10.​1007/​s10266-​018-​0399-5.

	47.	 Alobaidy SS, Shukri B. Evaluation of the cleaning efficiency of 2 Shape, 
Hyflex EDM and ProTaper GOLD systems using digital image mor-
phometric analysis (an in vitro study). Indian J Forensic Med Toxicol. 
2020;14:2584–91. https://​doi.​org/​10.​37506/​ijfmt.​v14i3.​10827.

	48.	 AbdAllah DM, Elddamony EM, Abdelgawad RA. Surface topography and 
chemical characteristics of rotary Ni Ti files of different manufacturing 
techniques after multiple use. Egypt Dent J. 2020;66(1):633–43. https://​
doi.​org/​10.​21608/​EDJ.​2020.​79136.

	49.	 Kaddoura R, Madarati AA, Al TM. Shaping ability of different single-file 
rotary systems in simulated S-shaped canals by a new investigation 
approach: an in vitro study. Saudi Endod J. 2021;11(2):173–80. https://​doi.​
org/​10.​4103/​sej.​sej_​50_​20.

	50.	 Siddique R, Nivedhitha MS, Ranjan M, Jacob B, Solete P. Comparison of 
antibacterial effectiveness of three rotary file system with different geom-
etry in infected root canals before and after instrumentation-a double-
blinded randomized controlled clinical trial. Br Dent J. 2020;6(1):1–7. 
https://​doi.​org/​10.​1038/​s41405-​020-​0035-7.

	51.	 Rodrigues RC, Zandi H, Kristoffersen AK, Enersen M, Mdala I, Orstavik D, 
et al. Influence of the apical preparation size and the irrigant type on 
bacterial reduction in root canal-treated teeth with apical periodontitis. J 
Endod. 2017;43(7):1058–63. https://​doi.​org/​10.​1016/j.​joen.​2017.​02.​004.

	52.	 Matos Neto M, Santos SS, Leao MV, Habitante SM, Rodrigues JR, Jorge AO. 
Effectiveness of three instrumentation systems to remove Enterococcus 
faecalis from root canals. Int Endod J. 2012;45(5):435–8. https://​doi.​org/​10.​
1111/j.​1365-​2591.​2011.​01994.x.

	53.	 Machado ME, Nabeshima CK, Leonardo MF, Reis FA, Britto ML, Cai S. Influ-
ence of reciprocating single-file and rotary instrumentation on bacterial 

reduction on infected root canals. Int Endod J. 2013;46(11):1083–7. 
https://​doi.​org/​10.​1111/​iej.​12108.

	54.	 Versiani MA, Carvalho KK, Mazzi-Chaves JF, Sousa-Neto MD. Micro-
computed tomographic evaluation of the shaping ability of XP-endo 
Shaper, iRace, and Edge file systems in long oval-shaped canals. J Endod. 
2018;44(3):489–95. https://​doi.​org/​10.​1016/j.​joen.​2017.​09.​008.

	55.	 Bhuva B, Patel S, Wilson R, Niazi S, Beighton D, Mannocci F. The effec-
tiveness of passive ultrasonic irrigation on intraradicular Enterococcus 
faecalis biofilms in extracted single-rooted human teeth. Int Endod J. 
2010;43(3):241–50. https://​doi.​org/​10.​1111/j.​1365-​2591.​2009.​01672.x.

	56.	 Albrecht LJ, Baumgartner JC, Marshall JG. Evaluation of apical debris 
removal using various sizes and tapers of ProFile GT files. J Endod. 
2004;30(6):425–8. https://​doi.​org/​10.​1097/​00004​770-​20040​6000-​00012.

	57.	 Usman N, Baumgartner JC, Marshall JG. Influence of instrument size on 
root canal debridement. J Endod. 2004;30(2):110–2. https://​doi.​org/​10.​
1097/​00004​770-​20040​2000-​00012.

	58.	 Chow TW. Mechanical effectiveness of root canal irrigation. J Endod. 
1983;9(11):475–9. https://​doi.​org/​10.​1016/​S0099-​2399(83)​80162-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1038/s41598-021-87922-4
https://doi.org/10.1038/s41598-021-87922-4
https://doi.org/10.1016/j.joen.2012.11.024
https://doi.org/10.1016/j.joen.2009.11.022
https://doi.org/10.1016/j.joen.2009.11.022
https://doi.org/10.1016/j.joen.2016.12.026
https://doi.org/10.1016/j.joen.2018.07.022
https://doi.org/10.1016/j.joen.2018.07.022
https://doi.org/10.1016/j.joen.2018.04.007
https://doi.org/10.1016/j.joen.2020.03.017
https://doi.org/10.1016/j.joen.2020.03.017
https://doi.org/10.1016/j.joen.2020.06.007
https://doi.org/10.1016/j.joen.2020.06.007
https://doi.org/10.1590/1807-3107bor-2018.vol32.0067
https://doi.org/10.1590/1807-3107bor-2018.vol32.0067
https://doi.org/10.14260/jemds/2016/1667
https://doi.org/10.1007/s10266-018-0399-5
https://doi.org/10.37506/ijfmt.v14i3.10827
https://doi.org/10.21608/EDJ.2020.79136
https://doi.org/10.21608/EDJ.2020.79136
https://doi.org/10.4103/sej.sej_50_20
https://doi.org/10.4103/sej.sej_50_20
https://doi.org/10.1038/s41405-020-0035-7
https://doi.org/10.1016/j.joen.2017.02.004
https://doi.org/10.1111/j.1365-2591.2011.01994.x
https://doi.org/10.1111/j.1365-2591.2011.01994.x
https://doi.org/10.1111/iej.12108
https://doi.org/10.1016/j.joen.2017.09.008
https://doi.org/10.1111/j.1365-2591.2009.01672.x
https://doi.org/10.1097/00004770-200406000-00012
https://doi.org/10.1097/00004770-200402000-00012
https://doi.org/10.1097/00004770-200402000-00012
https://doi.org/10.1016/S0099-2399(83)80162-9

	Biofilm elimination from infected root canals using four different single files
	Abstract 
	Introduction: 
	Aim: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Sample collection
	Bacterial preparation
	Pilot study
	Experimental study
	Samples preparation

	Results
	The pilot study
	The experimental study

	Discussion
	Conclusion
	Acknowledgements
	References


